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Multi-parameter compensated gas detector based on lightweight network

Zhang Yimai' Ge Shuangchao' Huang Wentao® Wei Haibo® Feng Kaigiang'
(1. School of Instrumentation and Electronics, North University of China, Taiyuan 030051, China;

2. Taiyuan Satellite Launch Center, Xinzhou 036301, China)

Abstract: In view of the problems such as poor adaptability to complex working conditions, insufficient nonlinear error
compensation accuracy and low level of instrument intelligence in high oxygen and trace oxygen measurement in the
field of gas detection, this paper designs a gas detection of BP neural network (MAPSO-BP) optimized by lightweight
modified adaptive particle swarm algorithm. Instrument, the system builds a multi-sensor embedded platform to realize
synchronous acquisition and fusion compensation of multi-parameters including temperature, pressure, flow and
concentration, uses a microcontroller unit to run MAPSO-BP network in real time for nonlinear error correction, and
develops an embedded human-computer interaction system based on Qt, supporting network communication, data
storage, real-time alarm and cloud data synchronization functions enhance the intelligence level of the instrument. The
system prototype designed in this paper is tested for system stability, anti-interference ability test and comparative
experiments with the existing error compensation model. The results show that the error compensation method
proposed in this paper and the designed system prototype are compared with the current mainstream error
compensation method. The absolute error average of high oxygen and micro-oxygen measurements are respectively
reduce by 20% and 25% ; effectively solve the problem of low measurement accuracy of sensors under complex working
conditions, and provide a feasible solution for the precision and low cost of gas sensors.
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Fig. 1 Mockup of gas detection system
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Fig. 2 Overall hardware design of the system
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Fig.3 System gas path structure diagram
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Fig. 4 Signal acquisition module
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Table 1 Construction process of MAPSO-BP network
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: Input_dim=4,0utput _dim=1,hidden_dim = 4; //BP W 2% 554 1) 8 X

: Ay =randon(0,1,(Input_dim shidden_dim)) ; T, ==zeros((1, hidden_size));

: A2=randon(0,1Chidden_dim ,Out putn_dim)) ; T2==zeros ((1, Output_dim)) ;

: randon (X)~N(0,1) ,zeros (X)~{ 0 }; /IR ACAUE FE B (A1, A2) (BIE4E % (T1,T2)
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i_particle. velocity= Z [n] 7t (25 4E)
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i_particle. position = FAALA AL 25 4k 7] &

i_particle. pbest _fitness = fitness i _particle. pbest _position =1i_particle. position
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Fig. 6 Lightweight MAPSO-BP network model
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Fig. 11 Repeatability measurement results of oxygen

standard gas for 14 consecutive minutes
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Fig. 12 Measurement results of the anti-interference ability of

continuous high-oxygen for 90 seconds
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